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(54) MAGNET POWDER AND ISOTROPIC BOND MAGNET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnet having excellent magnetic characteristics and high 
reliability, in particular, a magnet having an excellent thermal stability. 

SOLUTION: A magnet powder consists of an alloy composition expressed by Rx(Fe1-yCoy)100-x-z- 
wBzNbw (wherein R represents at least one kind of rare earth element, x: 7.1 to 9 at.%, y: 0 to 0.30, z: 4.6 
to 6.9 at.%, and w: 0.2 to 3.5 at.%), and constituted with a complex composition having a soft magnetic 
phase and a hard magnetic phase. When the powder is mixed with a bonding resin and molded to obtain an 
isotropic bond magnet having a density p [Mg/m3], the maximum magnetic energy product 
(BH)max[kJ/m3] at room temperature satisfies the relation (BH)max/jO 2[ x 10-9J.m3/g2]>2.2 of the bond 
magnet, and moreover, the intrinsic coercive force HcJ at room temperature is 320 to 720 kA/m. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Rx(Fe1-yCoy)100-x-z-wBzNbw (however, R) At least one sort of rare earth elements, x:7.1 to 
9.9 atom %, y:0 to 0.30, z:4.6 to 6.9 atom %, When it consisted of an alloy presentation expressed with w:0.2 

- 3.5 atom %, and are the magnet powder which consists of complex tissues which have a software 
magnetism phase and a hard magnetism phase, mixes with joint resin, it fabricates and it considers as an 
isotropic bond magnet of density rho [Mg/m3], Magnet powder which maximum magnetic energy (product 
BH) max[kJ/m3] in a room temperature satisfies relation of (BH) max/rho 2[x10-9 J-m3/g2] >=2.2 f and 
****** that proper coercive force HcJ in a room temperature is 320-720kA/m. 

[Claim 2] Magnet powder according to claim 1 with which a residual magnetic flux density Br in a room 
temperature [T] is satisfied of relation of Br/rho [x10-6 T-m3/g] >=0.125 when it mixes with joint resin, it 
fabricates and it considers as an isotropic bond magnet of density rho [Mg/m3]. 

[Claim 3] Rx(Fe1-yCoy)100-x~z-wBzNbw (however, R) At least one sort of rare earth elements, x:7.1 to 
9.9 atom %, y:0 to 0.30, z:4.6 to 6.9 atom %, When it consisted of an alloy presentation expressed with w:0.2 

- 3.5 atom %, and are the magnet powder which consists of complex tissues which have a software 
magnetism phase and a hard magnetism phase, mixes with joint resin, it fabricates and it considers as an 
isotropic bond magnet of density rho [Mg/m3], Magnet powder with which a residual magnetic flux density 
Br in a room temperature [T] is characterized by satisfying relation of Br/rho [x10-6 T-m3/g] >=0.125. 
[Claim 4] Magnet powder according to claim 3 whose proper coercive force HcJ in a room temperature is 
320-720kA/m when it mixes with joint resin, it fabricates and it considers as an isotropic bond magnet. 
[Claim 5] Magnet powder is magnet powder according to claim 1 to 4 whose absolute value of an 
irreversible demagnetizing factor (initial demagnetizing factor) is 6.2% or less when it mixes with joint resin, 
it fabricates and it considers as an isotropic bond magnet. 

[Claim 6] Said R is magnet powder according to claim 1 to 5 which is the rare earth elements which are 
mainly concerned with Nd and/or Pr. 

[Claim 7] For said R, the rate is the magnet powder according to claim 1 to 6 it is [ powder ] 5 - 75% to 
said whole R including Pr. 

[Claim 8] For said R, the rate is the magnet powder according to claim 1 to 7 it is [ powder ] 14% or less to 
said whole R including Dy. 

[Claim 9] Magnet powder is magnet powder according to claim 1 to 8 obtained by quenching a molten metal 
alloy. 

[Claim 10] Magnet powder is magnet powder according to claim 1 to 9 which grinds a quenching thin band 
manufactured using a cooling roller, and is obtained. 

[Claim 1 1] Magnet powder is magnet powder according to claim 1 to 10 with which heat treatment is 
performed once [ at least ] the manufacture process or after manufacture. 

[Claim 12] Magnet powder according to claim 1 to 11 whose mean particle diameter is 0.5-150 micrometers. 
[Claim 13] An isotropic bond magnet characterized by coming to join magnet powder according to claim 1 
to 12 together by joint resin. 

[Claim 14] When it is the isotropic bond magnet which comes to join magnet powder containing Nb together 
by joint resin and density of an isotropic bond magnet is set to rho [Mg/m3] t An isotropic bond magnet 
which a value of maximum magnetic energy (product BH) max[kJ/m3] in a room temperature satisfies 



relation of (BH) max/rho 2[x10-9 J-m3/g2] >=2.2, and is characterized by proper coercive force HcJ in a 
- room temperature being 320-720kA/m. 
[Claim 15] An isotropic bond magnet according to claim 14 with which a residual magnetic flux density Br in 
a room temperature [T] is satisfied of relation of Br/rho [x10-6 T-m3/g] >=0.125. 

[Claim 16] An isotropic bond magnet with which it is the isotropic bond magnet which comes to join magnet 
powder containing Nb together by joint resin, and a residual magnetic flux density Br in a room temperature 
[T] is characterized by satisfying relation of Br/rho [x10-6 T-m3/g] >=0.125 when density of an isotropic 
bond magnet is set to rho [Mg/m3]. 

[Claim 17] An isotropic bond magnet according to claim 16 whose proper coercive force HcJ in a room 
temperature is 320 - 720 kA/m. 

[Claim 18] Said magnet powder is an isotropic bond magnet according to claim 14 to 17 which is what 
consists of a R-TM-B-Nb system alloy (however, transition metals which R makes iron as at least one sort 
of rare earth elements, and TM makes main). 

[Claim 19] An isotropic bond magnet according to claim 14 to 18 whose absolute value of an irreversible 
demagnetizing factor (initial demagnetizing factor) is 6.2% or less. 

[Claim 20] Said magnet powder is an isotropic bond magnet according to claim 14 to 19 which is what 

consists of complex tissues which have a software magnetism phase and a hard magnetism phase. 

[Claim 21] An isotropic bond magnet according to claim 13 to 20 with which multi-electrode magnetization 

is presented or by which multi-electrode magnetization was carried out. 

[Claim 22] An isotropic bond magnet according to claim 13 to 21 used for a motor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to magnet powder and an isotropic 

bond magnet. 

[0002] 

[Description of the Prior Art] In order to attain the miniaturization of a motor etc., it is desired for the flux 
density of the magnet at the time of being used for the motor (it sets to a substantia! permeance) to be 
high. The factor which determines the flux density in a bond magnet has the value of magnetization of 
magnet powder, and the content (content) of the magnet powder in a bond magnet. Therefore, when 
magnetization of the magnet powder itself is not so high, unless it makes [ many / extremely ] the content 
of the magnet powder in a bond magnet, sufficient flux density is not obtained. 

[0003] By the way, as what is used as current and a highly efficient rare earth bond magnet, the isotropic 
bond magnet which used the MQP-B powder made from MQI occupies most as rare earth magnet powder. 
An isotropic bond magnet has the following advantages compared with an anisotropy bond magnet. That is, 
it is that a manufacture process is easy and a manufacturing cost becomes cheap as a result on the 
occasion of manufacture of a bond magnet since magnetic field orientation is unnecessary. However, there 
are the following troubles in the isotropic conventional bond magnet represented by this MQP-B powder. 
[0004] 1) The isotropic conventional bond magnet of flux density was inadequate. That is, since 
magnetization of the magnet powder used is low, the content (content) of the magnet powder in a bond 
magnet must be raised, but if the content of magnet powder is made high, since the moldability of a bond 
magnet will worsen, there is a limit. Moreover, even if it makes [ many ] the content of magnet powder by 
the device of a process condition etc., there is a limit in the flux density obtained too, and, for this reason, 
the miniaturization of a motor cannot be attained. 

[0005] 2) Although the magnet with a high residual magnetic flux density was also reported by the nano 
composite magnet, coercive force was too small conversely in that case, and the flux density (with 
permeance at the time of being used actually) practically obtained as a motor was very low. Moreover, 
since coercive force is small, thermal stability is also inferior. 

[0006] 3) The corrosion resistance of a bond magnet and thermal resistance become low. that is, in order 
to compensate the lowness of the magnetic properties of magnet powder, the content of the magnet 
powder in a bond magnet must be made [ many ] (that is, densification of the density of a bond magnet is 
carried out extremely — ********), consequently corrosion resistance and thermal resistance are inferior 
in a bond magnet, and it becomes what has low reliability. 
[0007] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer the magnet powder and 
the isotropic bond magnet which can offer the magnet which was excellent in magnetic properties and was 
excellent in reliability, especially the temperature characteristic. 
[0008] 

[Means for Solving the Problem] Such an object is attained by this invention of following the (1) - (22). 
[0009] (1) Rx(Fe1-yCoy)100-x-z-wBzNbw (however, R) At least one sort of rare earth elements, x:7.1 to 
9.9 atom %, y:0 to 0.30, z:4.6 to 6.9 atom %, When it consisted of an alloy presentation expressed with w:0.2 



- 3.5 atom %, and are the magnet powder which consists of complex tissues which have a software 
magnetism phase and a hard magnetism phase, mixes with joint resin, it fabricates and it considers as an 
isotropic bond magnet of density rho [Mg/m3] ( Magnet powder which maximum magnetic energy (product 
BH) max[kJ/m3] in a room temperature satisfies relation of (BH) max/rho 2[x10-9 J-m3/g2] >=2.2, and 
****** that the proper coercive force HcJ in a room temperature is 320-720kA/m. 

[0010] (2) Magnet powder given in the above (1) whose residual magnetic flux density Br in a room 
temperature [T] satisfies relation of Br/rho [x10-6 T-m3/g] >=0.125 when it mixes with joint resin, it 
fabricates and it considers as an isotropic bond magnet of density rho [Mg/m3]. 

[001 1] (3) Rx(Fe1-yCoy)100-x-z-wBzNbw (however, R) At least one sort of rare earth elements, x:7.1 to 
9.9 atom %, y:0 to 0.30, z:4.6 to 6.9 atom %, When it consisted of an alloy presentation expressed with w:0.2 

- 3.5 atom % f and are the magnet powder which consists of complex tissues which have a software 
magnetism phase and a hard magnetism phase, mixes with joint resin, it fabricates and it considers as an 
isotropic bond magnet of density rho [Mg/m3], Magnet powder with which the residual magnetic flux 
density Br in a room temperature [T] is characterized by satisfying relation of Br/rho [x10-6 T~m3/g] 
>=0.125. 

[0012] (4) Magnet powder given in the above (3) whose proper coercive force HcJ in a room temperature is 
320 - 720 kA/m when it mixes with joint resin, it fabricates and it considers as an isotropic bond magnet. 
[0013] (5) Magnet powder is the above (1) whose absolute value of an irreversible demagnetizing factor 
(initial demagnetizing factor) is 6.2% or less when it mixes with joint resin, it fabricates and it considers as 
an isotropic bond magnet thru/or magnet powder given in either of (4). 

[0014] (6) Said R is magnet powder the above (1) which is the rare earth elements which are mainly 
concerned with Nd and/or Pr thru/or given in either of (5). 

[0015] (7) For said R, the rate is the above (1) it is [ above ] 5 - 75% thru/or magnet powder given in either 
of (6) to said whole R including Pr. 

[0016] (8) For said R, the rate is the above (1) it is [ above ] 14% or less thru/or magnet powder given in 
either of (7) to said whole R including Dy. 

[0017] (9) Magnet powder is magnet powder the above (1) obtained by quenching a molten metal alloy 
thru/or given in either of (8). 

[0018] (10) Magnet powder is magnet powder the above (1) which grinds a quenching thin band 
manufactured using a cooling roller, and is obtained thru/or given in either of (9). 

[0019] (11) Magnet powder is the above (1) to which heat treatment is performed once [ at least ] the 
manufacture process or after manufacture thru/or magnet powder given in either of (10). 
[0020] (12) The above (1) whose mean particle diameter is 0.5-150 micrometers thru/or magnet powder 
given in either of (11). 

[0021] (13) An isotropic bond magnet characterized by coming to join the above (1) thru/or magnet powder 
given in either of (1 2) together by joint resin. 

[0022] (14) When it is the isotropic bond magnet which comes to join magnet powder containing Nb 
together by joint resin and density of an isotropic bond magnet is set to rho [Mg/m3], An isotropic bond 
magnet which a value of maximum magnetic energy (product BH) max[kJ/m3] in a room temperature 
satisfies relation of (BH) max/rho 2[x10~9 J-m3/g2] >=2.2, and is characterized by the proper coercive 
force HcJ in a room temperature being 320-720kA/m. 

[0023] (15) An isotropic bond magnet given in the above (14) whose residual magnetic flux density Br in a 
room temperature [T] satisfies relation of Br/rho [x10-6 T-m3/g] >=0.125. 

[0024] (16) An isotropic bond magnet with which it is the isotropic bond magnet which comes to join 
magnet powder containing Nb together by joint resin, and the residual magnetic flux density Br in a room 
temperature [T] is characterized by satisfying relation of Br/rho [x10-6 T~m3/g] >=0.125 when density of 
an isotropic bond magnet is set to rho [Mg/m3]. 

[0025] (17) An isotropic bond magnet given in the above (16) whose proper coercive force HcJ in a room 
temperature is 320 - 720 kA/m. 

[0026] (18) Said magnet powder is an isotropic bond magnet the above (14) which is what consists of a R- 



. TM-B-Nb system alloy (however, transition metals which R makes iron as at least one sort of rare earth 

- elements, and TM makes main) thru/or given in either of (1 7). 
[0027] (19) The above (14) whose absolute value of an irreversible demagnetizing factor (initial 
demagnetizing factor) is 6.2% or less thru/or an isotropic bond magnet given in either of (18). 
[0028] (20) Said magnet powder is an isotropic bond magnet the above (14) which is what consists of 
complex tissues which have a software magnetism phase and a hard magnetism phase thru/or given in 
either of (19). 

[0029] (21) The above (13) with which multi-electrode magnetization is presented or by which multi- 
electrode magnetization was carried out thru/or an isotropic bond magnet given in either of (20). 
[0030] (22) The above (13) used for a motor thru/or an isotropic bond magnet given in either of (21). 
[0031] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the magnet powder of this invention 
and an isotropic bond magnet is explained to details. 

[0032] In order to attain the miniaturization of a [outline of this invention] motor etc., it has been a 
technical problem to obtain a magnet with high flux density. Although the factor which determines the flux 
density in a bond magnet has the value of magnetization of magnet powder, and the content (content) of 
the magnet powder in a bond magnet, when magnetization of the magnet powder itself is not so high, 
unless it makes [ many / extremely ] the content of the magnet powder in a bond magnet, sufficient flux 
density is not obtained. 

[0033] As the MQP-B powder made from the above-mentioned MQI which is carrying out current spread 
was mentioned above, while flux density is inadequate, it is therefore obliged to raise the content of the 
magnet powder in a bond magnet depending on a use, i.e., densification, on the occasion of manufacture of 
a bond magnet and reliability is missing in respect of corrosion resistance, thermal resistance, a mechanical 
strength, etc., since coercive force is high, magnetization nature has the defect of being bad. 
[0034] On the other hand, the magnet powder and the isotropic bond magnet of this invention Sufficient 
flux density and moderate coercive force are acquired, and it is not necessary to raise the content 
(content) of the magnet powder in a bond magnet so much by this. With consequently, high intensity A 
bond magnet with the high reliability excellent in a moldability, corrosion resistance, magnetization nature, 
etc. can be offered, and it can contribute also to the miniaturization of magnet loading devices, such as a 
motor, greatly by the miniaturization of a bond magnet, and high performance-ization. 
[0035] Furthermore, the magnet powder of this invention shall constitute the complex tissue which has a 
hard magnetism phase and a software magnetism phase. 
\ [0036] Although it is the single phase organization of a hard magnetism phase, the MQP-B powder made 
from the above-mentioned. MQI has the advantage that total magnetization becomes high since the high 
software magnetism phase of magnetization exists, and since recoil permeability becomes high further, 
even if it once adds a reverse magnetic field, it has the advantage that a subsequent demagnetizing factor 
is small in such complex tissue. 

[0037] the magnet powder of [alloy presentation of magnet powder] this invention consists of an alloy 

presentation expressed with Rx(Fe1-yCoy)100-x-z~wBzNbw (however, R — at least one sort of rare earth 

elements, x:7.1 to 9.9 atom %, y:0 to 0.30, z:4.6 to 6.9 atom %, and w:0.2 to 3.5 atom %). 

[0038] as R (rare earth elements), Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er f Tm, Yb, Lu, and a 

misch metal mention — having — these — one sort — or two or more sorts can be included. 

[0039] The content (content) of R is made into 7.1 to 9.9 atom %. Even if coercive force sufficient by under 

7.1 atom % is not acquired but R adds Nb, there is little improvement in coercive force. On the other hand, 

if R exceeds 9.9 atom %, since the potential of magnetization will fall, sufficient flux density is no longer 

obtained. 

[0040] Here, as for R, it is desirable that they are the rare earth elements which are mainly concerned with 
Nd and/or Pr. The reason is effective [ these rare earth elements ] in order to raise the saturation 
magnetization of the hard magnetism phase which constitutes complex tissue (especially nano composite 
organization) and to realize coercive force good as a magnet. 



[0041] Moreover, as for R, it is desirable that the percentage is 5 - 75% to the whole R including Pr, and it 
is more desirable that it is 20 - 60%. It is because coercive force and square shape nature can be raised, 
without producing most lowering of a residual magnetic flux density as it is this range. 
[0042] Moreover, as for R, it is desirable that the percentage is 14% or less to the whole R including Dy. 
While being able to raise coercive force, without producing remarkable lowering of a residual magnetic flux 
density as it is this range, it is because improvement in the temperature characteristic (thermal stability) is 
also attained. 

[0043] Co is transition metals which have the same property as Fe. Although Curie temperature becomes 
high and the temperature characteristic improves by adding this Co (replacing a part of Fe), when the 
substitute ratio of Co to Fe exceeds 0.30, both coercive force and flux density show the inclination to fall. 
In 0.05-0.20, since not only the improvement in the temperature characteristic but the flux density itself 
improves, the substitute ratio of Co to Fe is still more desirable. 

[0044] B (boron) is an element effective in acquiring high magnetic properties, and the content is made into 
4.6 to 6.9 atom %. Square shape nature [ in / that B is under 4.6 atom % / a B-H (J-H) loop ] worsens. On 
the other hand, if B exceeds 6.9 atom %, a nonmagnetic phase will increase and flux density will decrease 
rapidly. 

[0045] Nb is an advantageous element for the improvement in coercive force, and the effect of the 
improvement in coercive force shows up notably in the range of 0.2 - 3.5 atom % especially. Moreover, in 
this range, it follows in footsteps of improvement in coercive force, and square shape nature and the 
maximum magnetic energy product also improve. Furthermore, it becomes good also about thermal 
resistance and corrosion resistance. However, as mentioned above, such an effect by Nb addition has R 
dramatically small at under 7.1 atom %. Moreover, if Nb exceeds 3.5 atom %, lowering of magnetization will 
arise. 

[0046] Although the Nb itself is not the new matter, in addition, in this invention In the magnet powder 
which consists of complex tissues which have a software magnetism phase and a hard magnetism phase as 
a result of repeating an experiment and research ** By making Nb contain in the range of 0.2 - 3.5 atom % 
The outstanding square shape nature, ** which can aim at the improvement (reduction of an absolute 
value) of** irreversible demagnetizing factor which can aim at improvement in coercive force, securing the 
maximum magnetic energy product — three effects that good corrosion resistance can be held are 
acquired — It finds out that especially these effects are acquired simultaneously, and the meaning of this 
invention is in this point. 

[0047] In addition, although the range where Nb content is desirable is 0.2 to 3.5 atom % as mentioned 
above, as for the upper limit of this range, it is more desirable that it is 3.0 atom %, and it is still more 
desirable that it is 2.5 atom %. 

[0048] Moreover, in the alloy which constitutes magnet powder from an object of raising magnetic 
properties further, at least one sort of elements chosen from the group (this group is expressed with "Q" 
below) which consists of aluminum, Cu, Si, Ga, Ti, V, Ta, Zr, Mo, Hf, Ag, Zn, P. germanium, Cr, and W can 
also be contained if needed. When it contains the element belonging to Q, it is desirable that it is below 2 
atom %, as for the content, it is more desirable that it is 0.1 to 1.5 atom %, and it is still more desirable that 
it is 0.2 to 1 .0 atom %. 

[0049] Content of the element belonging to Q demonstrates the effect of the proper according to the class. 
For example, aluminum, Cu, Si, Ga, V, Ta, Zr, and Cr are effective in raising corrosion resistance. 
[0050] [Complex tissue] The magnet material serves as complex tissue which has a software magnetism 
phase and a hard magnetism phase again. 

[0051] This complex tissue (nano composite organization) exists by the pattern (model) as the software 
magnetism phase 10 and the hard magnetism phase 1 1 show to drawing 1 , drawing 2 , or drawing 3 , and 
the thickness and particle size of each phase exist on nano meter level (for example, 1-100nm). And the 
software magnetism phase 10 and the hard magnetism phase 11 adjoin each other, and a magnetic 
exchange interaction is produced. In addition, the pattern shown in drawing 1 - drawing 3 is an example, it 
is not restricted to these and the software magnetism phase 10 and the hard magnetism phase 11 may 



become reverse in the pattern shown in drawing 2 . 
- [0052] Since magnetization of a software magnetism phase changes the sense easily according to an 
operation of an external magnetic field, if it is intermingled in a hard magnetism phase, the magnetization 
curve of the whole system will turn into a "snake die-bending line" which has a stage by the second **** 
of B-H drawing. However, when the size of a software magnetism phase is sufficiently as small as several 
10nm or less, magnetization of the software magnetic substance is restrained sufficiently strongly by 
association with magnetization of the surrounding hard magnetic substance, and the whole system comes 
to act as the hard magnetic substance. 

[0053] The magnet with such complex tissue (nano composite organization) mainly has the next features 
1-5. 

[0054] 1) By the second **** of BH-T drawing (J-H drawing), magnetization carries out springback 
reversibly (it is also called a "spring magnet" in this semantics). 

2) Magnetization nature is good and can magnetize in a comparatively low magnetic field. 

3) Compared with the case where the temperature dependence of magnetic properties is hard magnetism 
phase independent, it is small. 

4) Aging of magnetic properties is small. 

5) Even if it pulverizes, magnetic properties do not deteriorate. 

[0055] In the alloy presentation mentioned above, a hard magnetism phase and a software magnetism 
phase serve as the following, for example. 

[0056] Hard magnetism phase: An R2TM14B system (however, TM, Fe, or Fe and Co) or an R2 (TM, 
Nb)14B system (or an R2 (TM, Q)14B system, an R2 (TM, Nb, Q)14B system) 

Software magnetism phase: TM (especially alpha-Fe, alpha- (Fe, Co)) or the alloy phase of TM and Nb, the 
compound phase of TM and B, the compound phase (or phase containing such Q) of TM, and B and Nb 
[0057] As for the magnet powder of [manufacture of magnet powder] this invention, it is desirable to be 
manufactured by quenching a molten metal alloy, and it is desirable to grind the quenching thin band 
(ribbon) which quenched, solidified the molten metal of an alloy and was obtained especially, and to be 
manufactured. Hereafter, an example of the method is explained. 

[0058] The perspective diagram showing the example of a configuration of the equipment (quenching thin 
band manufacturing installation) which manufactures a magnet material with the quenching method with 
which the single roll was used for drawing 4 , and drawing 5 are the cross-section side elevations showing 
the condition near the collision part to the cooling roller of the molten metal in the equipment shown in 
drawing 4 . 

[0059] As shown in drawing 4 , the quenching thin band manufacturing installation 1 is equipped with the 
barrel 2 which can contain a magnet material, and the cooling roller 5 which rotates in the direction of 
drawing Nakaya mark 9A to this barrel 2. The nozzle (orifice) 3 which injects the molten metal of a magnet 
material (alloy) is formed in the soffit of a barrel 2. 

[0060] Moreover, by arranging the coil 4 for heating at an about three nozzle [ of a barrel 2 ] periphery, and 
impressing a RF to this coil 4, the inside of a barrel 2 is heated (induction heating), and the magnet material 
in a barrel 2 is changed into a melting condition. 

[0061] The cooling roller 5 consists of a base 51 and a surface layer 52 which forms the peripheral surface 
53 of a cooling roller 5. 

[0062] The component of a base 51 may consist of construction material which may really consist of same 
construction material as a surface layer 52, and is different in a surface layer 52. 

[0063] Although especially the component of a base 51 is not limited, it is desirable to consist of metallic 
materials with high thermal conductivity like copper or a copper system alloy so that the heat of a surface 
layer 52 can be radiated more quickly. 

[0064] Moreover, a surface layer 52 has thermal conductivity equivalent to a base 51, or it is desirable to 
consist of materials lower than a base 51. As an example of a surface layer 52, a metal thin layer or 
metallic-oxide layers, such as Cr, and the ceramics are mentioned. 

[0065] As ceramics, the ceramics of carbide systems, such as nitride system ceramics, such as oxide 



system ceramics, such as aluminum 203, Si02 and Ti02, Ti203 f Zr02, Y203, barium titanate, and 
strontium titanate, AIN, Si3N4, and TiN, BN, graphite, SiC and ZrC, aluminum4C3, and CaC2, WC, or the 
compound ceramics which combined two or more [ of these ] with arbitration is mentioned, for example. 
[0066] Such a quenching thin band manufacturing installation 1 is installed in a chamber (not shown), and 
operates in the condition of having filled up with inert gas or other controlled atmospheres preferably in 
this chamber. In order to prevent oxidation of the quenching thin band 8 especially, as for a controlled 
atmosphere, it is desirable that it is inert gas, such as for example, argon gas, gaseous helium, and nitrogen 
gas. 

[0067] When magnet ingredients (alloy) are paid in a barrel 2, and it heats with a coil 4, it fuses in the 
quenching thin band manufacturing installation 1 and the regurgitation of the molten metal 6 is carried out 
from a nozzle 3, as shown in drawing 5 , a molten metal 6 After colliding with the peripheral surface 53 of a 
cooling roller 5 and forming a paddle (cold slug well) 7, it is cooled quickly, and solidifies, being dragged by 
the peripheral surface 53 of the rotating cooling roller 5, and the quenching thin band 8 is formed 
continuously or intermittently. Thus, soon, the roll side 81 separates from a peripheral surface 53, and the 
formed quenching thin band 8 runs in the direction of arrow head 9B in drawing 4 . In addition, a dotted line 
shows the coagulation interface 71 of a molten metal among drawing 5 . 

[0068] Although the suitable range changes with wettability to the presentation of an alloy molten metal, 
and the molten metal 6 of a peripheral surface 53 etc., because of the improvement in magnetic properties, 
as for the peripheral velocity of a cooling roller 5, it is desirable that it is 1-60m/second, and it is usually 
more desirable that it is 5-40m/second. The inclination for the diameter of crystal grain to increase is 
shown, and if the peripheral velocity of a cooling roller 5 is too quick conversely, even if most will serve as 
an amorphous organization and it will add heat treatment after that in any case, it becomes impossible for 
thickness t of the quenching thin band 8 to become thick depending on the volumetric flow rate ( volume of 
the molten metal breathed out by per unit time amount) of the quenching thin band 8, if the peripheral 
velocity of a cooling roller 5 is too slow, and to desire improvement in magnetic properties. 
[0069] In addition, to the obtained quenching thin band 8, heat treatment can also be performed once [ at 
least ], for example for acceleration of recrystallization of an amorphous organization, and homogenization 
of an organization. As conditions for this heat treatment, it is 400-900 degrees C, and is about 0.5 - 300 
minutes, for example. 

[0070] Moreover, in order to prevent oxidation, as for this heat treatment, it is desirable to carry out in a 
non-oxidizing atmosphere like [ under a vacuum or a reduced pressure condition (for example, 1x10-1 - 
1x10~6Torr) or in inert gas, such as nitrogen gas, argon gas, and gaseous helium, ]. 
[0071] The quenching thin band (thin band-like magnet material) 8 obtained by the above manufacture 
methods serves as a fine crystal organization or an organization where a fine crystal is contained during an 
amorphous organization, and outstanding magnetic properties are acquired. And the magnet powder of this 
invention is obtained by grinding this quenching thin band 8. 

[0072] Especially the method of grinding is not limited, for example, can be performed using various grinding 
equipments, such as a ball mill, a vibration mill, a jet mill, and a pin mill, and shredding equipment. In this 
case, grinding can also be performed in a non-oxidizing atmosphere like [ under a vacuum or a reduced 
pressure condition (for example, 1x10-1 - 1x10-6Torr) or in inert gas, such as nitrogen gas argon gas, and 
gaseous helium, ], in order to prevent oxidation. 

[0073] Although especially the mean particle diameter of magnet powder is not limited, in the case of the 
thing for manufacturing the isotropic bond magnet mentioned later, in consideration of antioxidizing of 
magnet powder, and prevention of the magnetic-properties deterioration by grinding, its about 0.5-150 
micrometers are desirable, its about 0.5-80 micrometers are more desirable, and its about 1-50 
micrometers are still more desirable. 

[0074] Moreover, in order to obtain the better moldability at the time of shaping of a bond magnet, the 
particle size distribution of magnet powder has that desirable which is distributed to some extent (there is 
variation). When the void content of the obtained bond magnet can be reduced by this, consequently the 
content of the magnet powder in a bond magnet is made the same, the density and the mechanical 



strength of a bond magnet can be raised more, and magnetic properties can be improved further. 
[0075] In addition, to the obtained magnet powder, it can also heat-treat for the purpose of clearance of 
the effect of the strain introduced by grinding, and control of the diameter of crystal grain, for example. As 
conditions for this heat treatment, it is 350-850 degrees C, and is about 0.5 - 300 minutes, for example. 
[0076] Moreover, in order to prevent oxidation, as for this heat treatment, it is desirable to carry out in a 
non-oxidizing atmosphere like [ under a vacuum or a reduced pressure condition (for example, 1x10-1 - 
1x10-6Torr) or in inert gas, such as nitrogen gas, argon gas, and gaseous helium, ]. 

[0077] When a bond magnet is manufactured using the above magnet powder, such magnet powder has 
good affinity (wettability of joint resin) with joint resin, therefore this bond magnet has a high mechanical 
strength, and it becomes the thing excellent in thermal stability (thermal resistance) and corrosion 
resistance. Therefore, the magnet powder concerned fits manufacture of a bond magnet. 
[0078] In addition, above, as a quenching method, although the single rolling method was explained to the 
example, the congruence rolling method may be adopted, moreover — in addition, the atomizing method 
like for example, gas atomization, a revolution disc method, the melt extra cushion method, and mechanical 
alloying (MA) — you may manufacture by law etc. Since such a quenching method can make a metal 
texture (crystal grain) detailed, it is effective in raising the magnet property of a bond magnet, especially 
coercive force, etc. 

[0079] [A bond magnet and its manufacture], next the isotropic bond magnet (only henceforth a "bond 
magnet") of this invention are explained. 

[0080] The bond magnet of this invention comes to join the above-mentioned magnet powder together by 
joint resin preferably. 

[0081] As joint resin (binder), any of thermoplastics and thermosetting resin are sufficient. 
[0082] As thermoplastics, for example A polyamide (example: nylon 6, Nylon 46, Nylon 66, Nylon 610, Nylon 
612, Nylon 11, Nylon 12, Nylon 612, nylon 6 -66), Liquid crystal polymers, such as thermoplastic polyimide 
and aromatic polyester, polyphenylene oxide, Polyolefines, such as polyphenylene sulfide, polyethylene, 
polypropylene, and an ethylene-vinylacetate copolymer, Denaturation polyolefine, a polycarbonate, 
polymethylmethacrylate, Polyester, such as polyethylene terephthalate and polybutylene terephthalate, The 
copolymer which is mainly concerned with these, a blend object, a polymer alloy, etc. are mentioned, and a 
polyether, a polyether ether ketone, polyether imide, polyacetal, etc. can mix and use 1 of sorts of these, 
and two sorts or more. 

[0083] Also among these, especially the moldability is excellent, and since the mechanical strength is high, 
that which is mainly concerned with a liquid crystal polymer and polyphenylene sulfide from the point of a 
polyamide and heat-resistant improvement is desirable. Moreover, these thermoplastics is excellent also in 
kneading nature with magnet powder. 

[0084] Such thermoplastics has the advantage that selection wide range like what thought the moldability 
as important, and the thing which thought thermal resistance and a mechanical strength as important is 
attained by the class, copolymerization-ization, etc. 

[0085] On the other hand, as thermosetting resin, various epoxy resins, such as a bisphenol mold, a novolak 
mold, and a naphthalene system, phenol resin, a urea resin, melamine resin, polyester (unsaturated 
polyester) resin, polyimide resin, silicone resin, polyurethane resin, etc. are mentioned, and 1 of sorts of 
these and two sorts or more can be mixed and used, for example. 

[0086] From the point of especially the moldability being excellent also among these, and a mechanical 
strength being high and excelling in thermal resistance, an epoxy resin, phenol resin, polyimide resin, and 
silicone resin are desirable, and especially an epoxy resin is desirable. Moreover, these thermosetting resin 
is excellent also in kneading nature with magnet powder, and the homogeneity of kneading. 
[0087] In addition, the thing of a solid [ thing / liquefied ] (powdered) is sufficient as the thermosetting 
resin (un-hardening) used at a room temperature. 

[0088] Such a bond magnet of this invention is manufactured as follows, for example. Magnet powder, joint 
resin, and the need are accepted, and additives (an anti-oxidant, lubricant, etc.) are mixed, it kneads (for 
example, kneading between **), the constituent for bond magnets (compound) is manufactured, and it 



fabricates in a desired magnet configuration all over a non-magnetic field using this constituent for bond 
magnets by the shaping methods, such as compression molding (press forming), extrusion molding, and 
injection molding. When joint resin is thermosetting resin, it is hardened with heating etc. after shaping. 
[0089] Here, by these shaping methods, although there is an advantage, like whenever [ configuration 
option ] is large among said three sorts of shaping methods as for extrusion molding and injection molding 
(especially injection molding), and productivity is high, since fluidity with the compound sufficient in order to 
obtain a good moldability in a making machine must be secured, compared with compression molding, 
densification of making [ many ] the content of magnet powder, i.e., the bond magnet, cannot be carried out. 
However, in this invention, since high flux density is obtained, therefore the magnetic properties which were 
excellent even if it did not carry out densification of the bond magnet are acquired so that it may mention 
later, the advantage is enjoyable also to the bond magnet manufactured by extrusion molding and injection 
molding. 

[0090] Especially the. content (content) of the magnet powder in a bond magnet is not limited, but is usually 
determined in consideration of coexistence with the shaping method, and a moldability and high magnetic 
properties. It is desirable that it is about 75-99. 5wt%, and, specifically, it is more desirable that it is about 
85-97.5wt%. 

[0091] Although the bond magnet was especially manufactured by compression molding, as for the content 
of magnet powder, to a case, it is desirable that it is about 90-99.5wt%, and it is more desirable to it that it 
is about 93-98.5wt%. 

[0092] Moreover, although the bond magnet was manufactured by extrusion molding or injection molding, as 
for the content of magnet powder, to a case, it is desirable that it is about 75-98wt%, and it is more 
desirable to it that it is about 85-97wt%. 

[0093] The density rho of a bond magnet is determined by factors, such as specific gravity of the magnet 
powder contained in it, a content of magnet powder, and a void content. In the bond magnet of this 
invention, although especially the density rho is not limited, it is desirable that it is about three 5.3 - 6.6 
Mg/m, and it is more desirable that it is about three 5.5 - 6.4 Mg/m. 

[0094] Since the flux density of magnet powder and coercive force are large, even when it fabricates to a 
bond magnet in this invention, and there are many contents of magnet powder and there are [ not to 
mention ] comparatively few contents, by it, outstanding magnetic properties (especially high maximum 
magnetic energy (product BH) max) are acquired. 

[0095] the configuration of the bond magnet of this invention, especially a size, etc. are limited — not 
having — for example, a configuration — being related — cylindrical and a prismatic form — the thing of 
all configurations, such as cylindrical (the shape of a ring), circular, plate-like, and bow tabular, is possible, 
and the thing of all magnitude is possible also for the magnitude from a large-sized thing to a micro thing. It 
is as stating frequently in this description that it is especially advantageous to the magnet miniaturized and 
microminiaturized. 

[0096] Since it is such, as for the bond magnet of this invention, it is desirable that multi-electrode 

magnetization is presented or multi-electrode magnetization is carried out. 

[0097] As for such a bond magnet, it is desirable to satisfy the conditions described below. 

[0098] [1] The coercive force (proper coercive force in a room temperature) He J of a bond magnet is 320 

- 720 kA/m. Especially, 400 - 640 kA/m is desirable. Demagnetization when a reverse magnetic field 

requires coercive force depending on the use of a motor under by said lower limit becomes remarkable, and 

hot thermal resistance is inferior. Moreover, if coercive force exceeds said upper limit, magnetization 

nature will fall. Therefore, even when carrying out multi-electrode magnetization etc. to a bond magnet 

(especially cylindrical magnet) by making coercive force HcJ into the above-mentioned range and sufficient 

magnetization magnetic field is not obtained, good magnetization is attained, sufficient flux density is 

obtained, and a highly efficient bond magnet, especially the bond magnet for motors can be offered. 

[0099] [2] A bond magnet satisfies the following type (I) between maximum magnetic energy (product BH) 

max[kJ/m3] mentioned later and density rho [Mg/m3]. 

[0100] 



2.2<= (BH) max/rho 2 [x10-9 J-m3/g2] ... (I) 

Moreover, it is desirable to satisfy a formula (II) instead of a formula (I), and it is more desirable to satisfy a 

formula (III). 

[0101] 

2.3 <=(BH) max/rho 2[x10-9 J-m3/g2] <=3.2 ... (II) 

2.4 <=(BH) max/rho 2[x10-9 J-m3/g2] <=3.1 ... (Ill) 

(BH) Unless magnetic density is that the value of max/rho 2 [x10-9 J-m3/g2] is under a lower limit in said 
formula highly (i.e., if the content (content) of magnet powder is not made high), sufficient magnetic 
properties are not acquired. In such a case, the problem of lowering of the moldability by constraint of the 
shaping method, a raise in cost, and reduction of joint resin is caused. Moreover, in order to acquire fixed 
magnetic properties, volume will increase and the miniaturization of a device becomes difficult. 
[0102] [3] A bond magnet satisfies the following type (IV) between the residual magnetic flux density Br in 
a room temperature [T], and density rho [Mg/m3]. 
[0103] 

0.125 <= Br/rho [x10-6 T-m3/g] ... (IV) 

Moreover, it is desirable to satisfy a formula (V) instead of a formula (IV), and it is more desirable to satisfy 

a formula (VI). 

[0104] 

0.128 <= Br/rho [x10-6 T-m3/g] <=0.16 ... (V) 
0.13 <= Br/rho [x10-6 T-m3/g] <=0.155 ... (VI) 

Unless magnetic density is that the value of Br/rho [x10-6 T-m3/g] is under a lower limit in said formula 
highly (i.e., if the content (content) of magnet powder is not made high), sufficient flux density is not 
obtained. In such a case, the problem of lowering of the moldability by constraint of the shaping method, a 
raise in cost, and reduction of joint resin is caused. Moreover, in order to obtain fixed flux density, volume 
will increase and the miniaturization of a device becomes difficult. 

[0105] [4] It is desirable that maximum magnetic energy (product BH) max is three or more 60 kJ/m, as for 
a bond magnet, it is more desirable that they are three or more 65 kJ/m, and it is still more desirable that 
it is 70 - 130 kJ/m3. The maximum magnetic energy product (BH) When it uses that max is less than three 
60 kJ/m for motors, sufficient torque is not acquired depending on the class and structure. 
[0106] [5] It is desirable that the absolute value of an irreversible demagnetizing factor (initial 
demagnetizing factor) is 6.2% or less, as for a bond magnet, it is more desirable that it is 5% or less, and it is 
still more desirable that it is 4% or less. Thereby, the bond magnet excellent in thermal stability (thermal 
resistance) is obtained. 
[0107] 

[Example] Hereafter, the concrete example of this invention is explained. 

[0108] (Example 1) The magnet powder (seven sorts of magnet powder to which the Nb content w was 
changed variously) by which an alloy presentation is expressed with a method which is described below by 
8.7(Nd0.7Pr0.25Dy0.05) FebalCo7.0B5.6Nbw was obtained. 

[0109] First, weighing capacity of each raw material of Nd, Pr, Dy, Fe, Co, B, and Nb was carried out, the 
hardener ingot was cast, and about 15g sample was started from this ingot. 

[0110] The quenching thin band manufacturing installation 1 of a configuration of being shown in drawing 4 
and drawing 5 was prepared, and said sample was put in in the quartz tube which formed the nozzle 
(circular-hole orifice: orifice diameter of 0.55mm) 3 in the pars basilaris ossis occipitalis. After deaerating 
the inside of the chamber by which the quenching thin band manufacturing installation 1 is contained, inert 
gas (argon gas) was introduced and it considered as a desired temperature and the ambient atmosphere of 
a pressure. 

[0111] What formed the surface layer 52 with a thickness of about 5 micrometers it is thin on the periphery 
of the copper base 51 from WC as a cooling roller 5 (diameter of 200mm) was used. 

[0112] Then, the ingot sample in a quartz tube was dissolved by high-frequency induction heating, further, 
the injection pressure (differential pressure of the internal pressure of a quartz tube and ambient pressure) 



of a molten metal and the peripheral velocity of a cooling roller were adjusted, and the quenching thin band 
- was produced. 

[01 13] After carrying out coarse grinding of the obtained quenching thin band, heat treatment for 710 
degree-Cx 300 seconds was performed in the argon gas ambient atmosphere, and magnet powder was 
obtained. 

[01 14] Next, for grain refining, the grinder (RAIKAI machine) was used further, and this magnet powder was 
ground in argon gas, and was used as magnet powder with a mean particle diameter of 50 micrometers. 
[01 15] About each obtained magnet powder, in order to analyze the phase configuration, the X diffraction 
was performed at 20 degrees - 60 degrees of angle of diffractions using Cu-Kalpha. The diffraction peak of 
the R2 (Fe-Co)14B type phase which is a hard magnetism phase, and alpha- (Fe, Co) type phase which is a 
software magnetism phase could be checked from the diffraction pattern, and forming complex tissue (nano 
composite organization) was checked by each from the observation result by the transmission electron 
microscope (TEM). 

[01 16] as a small amount of hydrazine system anti-oxidant and lubricant to this magnet powder as 

[ polyamide resin (Nylon 12) ] — mixing — these — 225degree-Cx — for 15 minutes, it kneaded and the 

constituent for bond magnets (compound) was produced. At this time, the rate of a compounding ratio 

(weight ratio) of magnet powder and polyamide resin (Nylon 12) was made into the value almost equal about 

each bond magnet. That is, the content (content) of the magnet powder in each bond magnet was about 97 

wt(s)%. 

[01 1 7] Subsequently, this compound was ground, it presupposed that it is granular, and weighing capacity 
of this granular object was carried out, it was filled up in the metal mold of press equipment, compression 
molding (inside of a non-magnetic field) was carried out by the temperature of 210 degrees C, and pressure 
800MPa, and the isotropic bond magnet of the shape of a cylinder with a diameter [ of 10mm ] x height of 
7mm was obtained. 

[0118] About these bond magnets, after giving pulse magnetization of magnetic-field-intensity 3.2 MA/m, 
magnetic properties (flux density Br, coercive force HcJ, and maximum magnetic energy (product BH) max) 
r were measured by maximum impression magnetic field 2.0 MA/m with the account fluxmeter of ****** (the 
Toei Industry make, TRF-5BH). The temperature at the time of measurement was 23 degrees C (room 
temperature). 

[01 1 9] Next, the heat-resistant test was performed. This thermal resistance measured and evaluated the 
irreversible demagnetizing factor at the time of returning to a room temperature (initial demagnetizing 
factor), after holding the bond magnet under the environment of 100 degree-Cx 1 hour. It excels in thermal 
resistance (thermal stability), so that the absolute value of an irreversible demagnetizing factor (initial 
demagnetizing factor) is small. 

[0120] About each bond magnet, the value of the Nb content w, density rho, flux density Br, coercive force 

HcJ, maximum magnetic energy (product BH) max, and an irreversible demagnetizing factor was shown in a 

table 1. 

[0121] 

[A table 1] 
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[0122] Its irreversible demagnetizing factor is small while each of bond magnets of sample No.2~No.6 (this 
invention) has outstanding magnetic properties (a residual magnetic flux density Br, maximum magnetic 
energy (product BH) max, and coercive force HcJ), and it excels also in thermal stability (thermal 
resistance) so that clearly from a table 1. 

[0123] On the other hand, its absolute value of an irreversible demagnetizing factor is large, and its thermal 
stability is also low while the bond magnet of sample No.1 and No. 7 (example of a comparison) is inferior in 
magnetic properties. 

[0124] (Example 2) The magnet powder by which an alloy presentation is expressed with 
8.9(Nd0.75Pr0.2Dy0.05) FebalCo6.9B5.5Nb1. 5 was obtained like the example 1. 

[0125] the obtained magnet powder — polyamide resin (Nylon 12), a little hydrazine system anti-oxidant, 
and lubricant — mixing — these — 200-230degree~Cx — for 15 minutes, it kneaded and the constituent 



for bond magnets (compound) was produced. At this time, various contents (content) of the magnet powder 
in a bond magnet were changed, and seven sorts of compounds were obtained. 

[0126] in this way, the thing pressed all over a non-magnetic field among the obtained compounds after 
[ what / has comparatively many contents of magnet powder ] grinding and being granular — moreover, 
about what has the comparatively few content of magnet powder, after grinding and being granular, it 
considered as the bond magnet by injection molding all over a non-magnetic field. 

[0127] in addition, the size of a bond magnet — each — a diameter [ of 10mm ] x height of 7mm — it was 
presupposed that it is cylindrical. 

[0128] Compression molding was filled up with the granular object in the metal mold of press equipment, 
and performed it by the temperature of 210-220 degrees C, and pressure 800MPa. Injection molding 
fabricated the die temperature at the time of shaping by considering as 230-280 degrees C in 90 degrees C 
and the temperature in a injection cylinder. . 
[0129] Thus, about each obtained bond magnet, measurement of magnetic properties and a heat-resistant 
trial were performed like the example 1. 

[0130] About each bond magnet, the value of kneading temperature, the shaping method, molding 
temperature, density rho, flux density Br, coercive force HcJ, maximum magnetic energy (product BH) max, 
and an irreversible demagnetizing factor was shown in a table 2. 
[0131] 
A table 2] 
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[0132] While crossing the bond magnet of this invention to the range where density rho is large and having 
outstanding magnetic properties (a residual magnetic flux density Br t maximum magnetic energy (product 
BH) max, and coercive force HcJ), an irreversible demagnetizing factor is small and it excels also in thermal 
stability (thermal resistance), so that clearly from a table 2. 

[0133] Although especially the bond magnet of this invention has the magnetic properties which were 
excellent in the case of the bond magnet of the low density by injection molding (when there are few 
contents of magnet powder), it is presumed that this is for the following reasons. 

[0134] If there are many contents of low density, i.e., joint resin, the fluidity of the compound at the time of 
kneading and shaping will become high. Therefore, it becomes possible to knead magnet powder and joint 
resin in low temperature and a short time comparatively, and these equalization at the time of kneading can 
be attained easily. Moreover, if the fluidity of a compound is high, it will become possible to also perform 
shaping comparatively simple in low temperature and a short time. That is, a process condition can be 
eased. Consequently, at the time of kneading, deterioration (oxidation etc.) of the magnet powder at the 
time of shaping can be suppressed to the minimum, therefore, the bond magnet of high magnetic properties 
is obtained and a moldability also improves. 

[0135] Moreover, if the fluidity of a compound is high, the void content of the bond magnet obtained can be 
made low, and, therefore, magnetic properties will also improve with improvement in a mechanical strength. 
[0136] (Example 3) Using each magnet powder obtained in the example 1, like the example 1, the isotropic 
bond magnet [ being cylindrical (the shape of a ring) ] with an outer-diameter [ of 22mm ] x bore [ of 
20mm ] x height of 4mm was manufactured, and multi-electrode magnetization of each obtained bond 
magnet was carried out on the eight poles. The current value passed in a magnetization coil in the case of 
magnetization was set to 16kA. 

[0137] In addition, at this time, the magnitude of the magnetization magnetic field taken to attain 90% of 

rates of magnetization was comparatively small, and, therefore, magnetization nature was good. 

[0138] Thus, the spindle motor for CD-ROM was assembled, using each magnetized bond magnet as a Rota 

magnet. 

[0139] In each spindle motor for CD-ROM, the reverse electromotive voltage generated in the coil coil 
when rotating Rota by 1000rpm was measured. Consequently, as for each motor using the bond magnet of 
sample No.2-No.6 (this invention), more than 0.96V and a value high 20% or more were acquired to the 
voltage of the motor using the bond magnet of sample No.1 and No. 7 (all are the examples of a comparison) 
having been less than [ 0.80V ]. 

[0140] Consequently, when the bond magnet of this invention was used, it was checked that the motor of 
high performance can be manufactured. 

[0141] Except having manufactured the bond magnet by extrusion molding (content of the magnet powder 
in a bond magnet: 92 - 95wt%), when the bond magnet and motor of this invention were manufactured like 
the above-mentioned examples 1-3 and the performance evaluation was performed, the same result as the 
above was obtained. 

[0142] Except having manufactured the bond magnet with injection molding (content of the magnet powder 
in a bond magnet: 90 - 93wt%), when the bond magnet and motor of this invention were manufactured like 
the above-mentioned examples 1-3 and the performance evaluation was performed, the same result as the 
above was obtained. 
[0143] 

[Effect of the Invention] According to this invention, the following effects are acquired as stated above. 
[0144] - By having the complex tissue which magnet powder carries out specified quantity content of the 
Nb, and has a software magnetism phase and a hard magnetism phase, magnetization is high, outstanding 
magnetic properties are demonstrated and proper coercive force and square shape nature are improved 
especially. 

[0145] - The absolute value of an irreversible demagnetizing factor is small, and the outstanding thermal 
resistance (thermal stability) is obtained. 



[0146] - Since high flux density is obtained, even if it is isotropy, a bond magnet with high magnetic 
properties is obtained. Since the magnetic engine performance more than equivalent can be especially 
demonstrated with the bond magnet of smaller volume compared with the isotropic conventional bond 
magnet, it becomes it is more small and possible to obtain the motor of high performance. 
[0147] - Since high flux density is obtained again, on the occasion of manufacture of a bond magnet, even 
if it does not pursue densification, magnetic properties high enough can be acquired, consequently further 
improvement dimensional accuracy, a mechanical strength, corrosion resistance, heat-resistant (thermal 
stability) can be aimed at with improvement in a moldability, and it becomes possible to manufacture a 
reliable bond magnet easily. 

[0148] - Since magnetization nature is good, it can magnetize in a lower magnetization magnetic field, and 
multi-electrode magnetization etc. can especially be ensured [ easily ] f and it can obtain high flux density. 
[0149]. - Since densification is not required, it is_suitable also for manufacture of the bond magnet by the 
extrusion method and injection-molding method which shaping of high density cannot carry out easily 
compared with compression forming, and an effect which was mentioned above is acquired also with the 
bond magnet fabricated by such shaping method. Therefore, whenever [ width-of-face / of selection of the 
shaping method of a bond magnet / and configuration according to it further option ] spreads. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing typically an example of complex tissue (nano composite organization) in 
the magnet powder of this invention. 

[Drawing 2] It is drawing showing typically an example of complex tissue (nano composite organization) in 
the magnet powder of this invention. 

[Drawing 3] It is drawing showing typically an example of complex tissue (nano composite organization) in 
the magnet powder of this invention. 

[Drawing 4] It is the perspective diagram showing the example of a configuration of the equipment 

(quenching thin band manufacturing installation) which manufactures a magnet material. 

[Drawing 5] It is the cross-section side elevation showing the condition near the collision part to the 

cooling roller of the molten metal in the equipment shown in drawing 4 . 

[Description of Notations] 

1 Quenching Thin Band Manufacturing Installation 

2 Barrel 

3 Nozzle 

4 Coil 

5 Cooling Roller 

51 Roll Base Material 

52 Surface Layer 

53 Peripheral Surface 

6 Molten Metal 

7 Paddle 

71 Coagulation Interface 

8 Quenching Thin Band 
81 Roll Side 

9A Arrow head 
9B Arrow head 

10 Software Magnetism Phase 

1 1 Hard Magnetism Phase 



[Translation done.] 



<i9)B#B#!*jf (jp) (12) & H 4# If 3^ # (a) (umnmm&mm 

#^2001-196211 
(P2001- 196211 A) 



(43)&W B ¥/£l3#: 7 B 19 B (2001. 7. 19) 



f51)Int.Cl 7 

\\S 1 / ill L» VvA» 




F I 




14 ft 1 F 




no or 

D £1 £1 J* 


1 /on v Apcn 1 7 


"R 9 9 F 


i /nn 




Q/ld 4Kfl 1 8 




Q/lft * 

17/ 1 v 


n. u a .r 


1 /ok a s f n 4 ft 

i/V/O /I O X-# V *± U 


LI A 1 T? 


1 /flR 
1/Uo 




1 /rtft A 


























(22)fflSH 


*Fj£l24£ 1^ 6 0 (2000. 1. 6) 




Jl05tfB$fl&KlS£rl&2TB4#l-ft 








fr# m 
















-xyy>«5££*tt*i 
































100093388 


















(54) \sm<D&m m6»*»^tm»vs»>vms 






(57) [BJ9] 








[BRB] S 


















*»HJC0^5^*«, R x (Fei-yCo 







V> 100-x-z-wB z Nb w (fc£U R« v 4>&< <hfc 1® 
CD#±Stc*, x : 7. 1~9. 9I«, y : 0~ 
0. 30, z : 4. 6~6. 9H^%, w : 0. 2~ 
3. 5M^%) 6 2tD, V7hl 

S^Ti&^T, ^fitig^LMttfSp [M 
g/m3] 0«f*tt3j5>K«5ibfct*. SfitOi 
*6BlaX*)U*-« (BH) max [kJ/m3] jftt, 
KIECD (BH) ffi ax/P 2 [x 1 0"9 J -m3/g2] s 
2. 2®Hffi£tt£U j&o£ST©B*r««#H c ja« 
3 2 0~7 2 0 kA/mT$5. 
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[ifll] R x (Fei-yCoy) 100-x-z-w B z N t» w 

(fcfcb, r«> '>&< 1 1> 1 «©s±jb7e*. x : 

7. 1~9. 91^%, y : 0 — 0. 30. z:4. 6 
~6. 9IS^%, w: 0. 2-3. 5®^%) T^^n 

^mntm^v^.mvrms.p [Mg/ m 3] 

teas y ywee Lfc t # ; Si&T©i^iax^ji,¥- 

f» (BH) max [k J/m3] (BH) max/P 2 C x 
10-9j-m3/ g 2] S2. 2Cif^«SU> fro^ 
iaTCD@^r^^H c j^3 2 0-7 2 0 kA/mT&3 

[W*«2] ^^Mtjg^LfigPLT^So [Mg 
/m3] ©#^14#>FBffi<hbfc<>:#, SST©glfg 
I$5ggB r [T] Br/p [X10"6T-m3/ 

g] ^o. 1 2 5©w^*^s-r^»^i tfsm©& 

[«*13] R x (Fej-yCoy) 100-x-z-wB z Nb ff 

ctiEu R\t. < t h i m<D%;±m7im* x : 

7. 1~9. 9^%, y : 0-0. 30, z:4. 6 
~6. 9ffi?%. w: 0. 2~3. 5ffi=?%) TS$tl 

^mmtm^v^mi^x^mp [M g /m3] <om^ 

[T] Br/p [X10"6T-m3/g] ^0. 12 

S35tLfci#, S«T©B*fiMK*H c j3&«3 2 0-7 
2 0 kA/mT*4»*3B3KBB«CD«5»*. 

e*©«5®*. 

[i*17] flMERtt, Pr^*, -tCM^jWIflE 

R^#:t*fL5~7 5 %-T?&-5IM<]B 1 b 6 ©<^T 

[»JRJH8] WSSRtt. Dy^ ^©*J£#iiuf2 
R£#£*fbl 4 96£TF"C**«f:RJfil£^b7©l,v3" 

E*©«5»*. 

anfcfc»*#*«H*UT»6nfc*>©Ta*»#Bi 

fc^L9©«r*m*»fcE*t©»5®*. 



(2) 

[M&B13] »*aiftv»Li2ovifn*>cEt 

*#tt#>F«5. 
[i*Sl4] Nb***-r--6«5»***S^«fJBT? 

«#tt#>F«5©ajflE£p [Mg/m3] tLtt 
*. S»-pO«*«SlX*;i/*-a (BH) max [k J 
/ m 3] ©«#. (BH) max/P 2 [* 1 0_9j - m3 / 
g2] ^2. 2 0«#Si£U Aoglt0ifffil 
j]H c ]&3 2 0 — 7 2 0 kA/m-C3bZ>^£&&m.t? 

[»tSl5] £«T©3S8«Jll8?*B r [T] «», 

Br/p [X 1 0-6T-m3/g] ^0. 12 5©Hi^ 
ffi&?2>m&m 1 4 (rl3«©#*tt^> F«5. 

**tt#>K«50«lt*P [Mg/m3] tbfci 
*, £fiT©»S«jfc«£B r [T] Br/p [X 

1 0-6T-m3/g] £0. 1 2 5©H§5:iStS't 

[fl»&£ 1 7 ] &fiT©@*r««27H c j# 3 2 0-7 

2 0kA/m-e^S»*Sl 6 tE«©<ff*tt#> H« 

5. 

[M$818] MB«5»*tt. R-TM-B-Nb 

30 (fc/£U Rtt, ^ft<t*)iaO*±»7E*, 

TMtt, $c£££T£«#&JS) J:9fc£t>©T&-5W 
3R3U 4&HL1 7©V»fn^KE«©#*tt*>HBBl 

[gn$a 1 9 ] Toimmmm mmmmm) ©*e*f<i 

#6. 2%^ATT$.^W^l 4ft^bl 8©^Tn^ 
KE*©*2rtttf>F«5. 

[n#g 2 o ] mmm^nmt, v 7 bs&ttffl 
j*«ttfflfc*wf*«dtt*T*j*sn*"b©T»3» 

4&V>bl 9©t»m*KE*©#*ttsl?>H« 

40 5, 

$nfcif*^i 3^^b2 o©^-rndMciB«©^i4 

#>F«5. 

2 l©H"fn3&»fcE*©«*ttJp>r J «5. 
[««©»*!&»«] 

. [0 0 0 1 3 

*14^>H^5tcWr^> ! b©T*?)„ 
so [0 0 0 2] 
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©fit. #>Fara+K*tt5«5tt*©-&«J| 

[ o o o 3 r Sffir "Stt«a:*±a#> -par 

E£LT«UBSnTV»**>©£L.TH:. #±«B5»* io 

■6. #>l*«5©«iifc|»U ««jEl*]*qFBT?»*fc 

bA>b;i©MQP-B|&*K:tt«£ 
*i3$*©##tt#> K«5Ktt. #©<fc3&Kll,6# 

35 -So 

[0 0 0 4] 1) f£*©«S*tt#>K«5Tftt. «S 
«flE^+»T»ofc. T&to-5JBlr>&*l*»5»5|c© 20 
«fl2jB*fiV»&«>. #>H«5«t'©«5»*©'&#a ("& 

K<-T€)t, #>F«5©J*BH4jW»<tt*ifc«K 

[0 0 0 5] 2) tya^fyMerisawff 
[0006] 3) b*m5©w:ftt«fe, mmmm< 

fc, •sJ?>K»5+©«5»*©*«-**#<La:Wntf 

cr»:*3 , 5*>H«5©e««:«saic!«afaftr 

*fttt*«#D««ttJW£^*>©£fc*. 
[0 0 0 7] 40 
[58«*»»fttJ;5tt5«I] #589§©Btttt. BSSL 

[0 0 0 8] 

[«Ui*«fftf *fc»©^S] ^WpSIWH te 
(1) ~ (2 2) ©*^BJ(cJ;0^fi£^n^. 
[0 0 0 9] (1) R x (Fej-yCoy) ioo-x-z-wB 
zNb w (fc«?U Rtt, ^£<£fcl«©#±«7C*, 
x : 7. 1~9. 9IRT%. y : 0~0. 3 0. z : so 
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4. 6~6. 9^F\%, w: 0. 2~3. 5®^%) T 

»-&«HfitjB^bric»bT«ltp [Mg/m3] ©** 

(BH) ^ [kJ/m3] tf, (BH) max /P 2 tx 
10-9j-m3/g2] ^2. 2©Hft€ft£U *o£ 
itT©H*-«e*H c jj&«3 2 0-7 2 0 kA/mT*5 
'i^»8ltT5ffi5©*. ' 
[0 0 10] (2) |g£«Bfcg£Ufi#l,T«&p 
[Mg/m3] ©*#£#> F«5iUfc£*, £fiT? 
©3S««at«KB r [T] j&i. Br/p [X IO^T- 
raVg] SO. 1 2 5©P«^^£-rs±IB (1) K 
E*©«5»*. 

[0011] (3) R x (F e i-yCoy) ioo-x-z-w B 
zNb ff (fcZfU Rtt, 4>ft< tfc ia©^±^7C^, 
x : 7. 1~9. 9IC^%, y : 0~0. 3 0. z : 
4. 6~6. 9Jg?%, w: 0. 2~3. 5W^%) T 

ssns^a^sao. v:7U»ttffl£n-F«tt 

te^-»JBtJS^Lrit»bT!lf*p [Mg/m3] ©^ 
tt*>H85tLfct#. ^»T©J5««**flEB r 

[T] Br/p [X10'-6T-m3/g] SO. 12 
5 ©M«^«S-r?>C«i:^#@i[i:f ^>a5«&*. 

[0 0 12] (4) *6£WIBfciI£LJ«»bT«#tt 
#>F«5iLfciS. Satf©H*««*H c j««3 2 
0~7 2 0kA/mtr^5ifB (3) K:Efc©flB5l& 



[0 0 13] (5) %&ffcKtt. 
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t^L (4) ©Vi-rn^ iCfB«©^5»*„ 
[0 0 14] (6) HufBRte, Nd*«fctf/SfcttP 
r £££T5^±«TC5!tT&3±fE (1) (5) 

©ir>rna»ice<ifc©B5»*. 

[0015] (7) P rS^*. -€-©ffl^ 

tf«MER£#K*Jl/5~7 5%T*S-tE ( 1 ) &V>L 

(6) ©n-rn*»te«©«5»*. 

[0 0 16] (8) m(fBR«, D y m. ^-©»J£ 
#i&ER£#fc:*tLl 4%£TFT*S±E (D ftl^L 

c 7 ) © n-rna* ce*©«5©*. 

[0 0 17] (9) 

CtKJ:0#6nfct)©T**±E (1) fcl^U (8) 
©VJ-fn*»K:E«©«5»*. 
[0018] do) «s»5iEtt. ?&flip-;p*fflv» 

E (1) fc^L (9) ©^mj&»KEtt©«5»*. 

[0019] (id- -troaaafig-e. 
&tzizmm'&'pte< tt> i m»ffla**«ssnfct>©T» 
6±E (i) (io) ©t>-rn*»»cE*©a5» 
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[0 0 2 0] (12) WSg^O. 5-150am 

t&£±e (i) ai^b (id <D^-fn^\z%^m<Dm 

[0 0 2 1] (13) ±E (1) ftt^l/ (1 2) ©V> 

[0 0 2 2] (14) NbS^T5B5»*S«6 

#>HS5<D«*Sp [Mg/m3] tbfctf, ^iB 
T*<D**^;x*;i/^-« (BH) max [kJ/m'] © 
tttf, (BH) max/p 2 [x 1 0"9J -m3/ g 2] ^ 
2. 2©H«fcSIJ£U *^iST01tftl*H c j)li 
3 2 0-7 2 0 kA/mTS^Clt^^t-r^^tt 

[0 0 2 3] (15) iaTOjSSnB^Br 

[T] B r/p [X 1 0-6T-m3/g] ^0. 12 
5<Dll«^?tJ£-r^±lB (14) fce«©«fc8ftt#>K 

[0 0 2 4] (16) N b S£Wr*»&»*SIS'& 

#>F^5<£>^fi£p [Mg/m3] tbfcif, giS 
TODSSIf SIB r [T] Br/p [XIO^T 
•m3/g] SO. 12 5CDMtSt»£t5rt*»it 

[0 0 2 5] (17) £i&T<DB#&fflWjH c ]*«3 2 
0~7 2 0 k A/m-e$>£±SE (16) fr|B«CD#*tt 

[0 0 2 6] (18) MfBfi85«**te> R-TM-B 
-NbS^fc (&£U R«, ^ft<itllOt±« 
7G*, TMH ftS£tr«a»&«) &K>ts.Z>%<DX° 
&2>±m (1 4) (1 7) ©V»m*»KB3*©« 

[0027] (i9) **imnmm mmmmm) <d 

6. 2%£TFT?**±K (14) (1 
8) ©Vifn*»»ClE*©**ttJj?>HaB15. 
[0 0 2 8] (2 0) gttfBflBe&£tt. V7«tt«- 

&&±82 (14) fcUL (1 9) <Du-?nfr\z%im,<Dm 

[0029] (2i) #itai;i^ni>. 
i««snt±a (i3) ts^l, (20) ov»-rn^c 

[0 0 3 0] (2 2) ? tl3±8B (1 

3) ftl^t (2 1) (D^-rn*>(Cffi«CD^tt^> H« 
5. 

[0 0 3 1 ] 

mwvmmoi&m) sit* *»E©«58>5ts*«fczw& 

<5o 
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<? 

[0 0 3 2] [*56W©«ES] *-*fc£©/.haMtfcB 

(-5*40 

[0 0 3 3] ^ffilF^XTT^S^iOTCTQ iaSCMQ' 

10 P-B$>*«, S9JfibfcJ:3K, ffl^(C«toTttSSm^ 

[0 0 3 4] £ftfc#U #36gii©«5»5fc*«kZH8ra' 
tt#>h*&5«, +#fc«JK«ft 6 

n, jintio. ^>^i54 , ®i5©*©^*i (-& 

20 X\ Wftft. **tt<f K«nfcfi}*tt©KV*#- 

ftfc < JMRT * n 
[0 0 3 5] #5SlJII©»B»*tt. A-H«tt 

[0 0 3 6] hukEWMQ I ttS<DMQ P - B»*tt. A 
— F«ttffi©¥ffl*lJ8T?&*J^ £©<£'3&ffl-&;ifiS&T 

[0 0 3 7] [J&5i(ft*©£&iiflj£] #»9i©«5»* 
«. R x (Fej-yCoy) lOO-x-z-w B z Nb w (^^» 
Rf4^< tt>ia©*±«7C*. x:7. 1~9. 9 

y : 0 ~ 0 . 30, z : 4 . 6 ~ 6 . 9 
%, w: 0. 2~3. 5JM^%) -t?a3n5-&&*&J*A* 

[0 0 3 8] R (#±Stg*) tLTtt. Y, La, C 
40 e, Pr, Nd, Pm, Sm, Eu. Gd, Tb, D 
y. Ho, Er, Tra, Yb, Lu, Sy^a^W 

a. 

[0 0 3 9] R(D^m tt. 7. 1~9. 9 

^. R#9. 9^f%*lx5t. &ft©#^> 

so [0 0 4 0] RttNd*±t;/JfcttPr*i 
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t-rz%±m7imT*$>z><Df)W$iL^. -^©Jiste, z. 
mm) zmf&-rz>/\-\ t m&&<Dmftmit$:mtb. &tz 

[0 0 4 1] R«, Prm> tOM&rfR^i 

mz$iV5~7 5%T&5©##£L<, 2 0~6 0% 

Qg <Dls -fg &rl ,-j u Z£VZZ.-£13:< ,- &Mfi~3S-£tfn ~ 

tO 0 4 2] 3=fc. Rte, Dy^*- ^CDf"J-&^R± 
#:tC*fU 1 4%^TTa&-5©##£Lt^„ ClWlSBTifc 
St, S§mifc®g©?LlMgT££i;5::£ft<, « 

©fa±*>^Bg<hft3^e>-e&3o 

[0043] coit f e tmm<D®&zG-Tz>m&<& 

TZZ.L) \Z£Q. +^U-ia^iS<^<9. um<&& 
^f6]±-T-53&i, F efCfcrr&CoWffl&it^O. 3 0 

-r„ Fe{CjttT-5Co©M&J£*#0. 0 5~0. 20 

oiitu i&g#i4©fa±©^fte>-r, 

[0 0 4 4] B (#D» te. i*V^^!ttttS:#-5CDt 
Ws&ft7c3itT&0, ^©^WSte, 4. 6-6. 9gf 
%<h$n£. B#4. 6lf%*SST$5t, B-H 

(j-h) )v-7\z&tf2>&mmm<?3.2>. b 

[0 0 4 5] NbH ^^[p]±tCioT#fiJ/&7cHTf so 
0: 2~3. 5lf%©f5BTMA|S]± 

ft*. &£U ±mLrz£o\Z, RW7. lJR^SS** 

tu, n b ifetra n «t * z. © «fc -5 ftja*ja#« k * a v» . 

[0 0 4 6] ft*. N b HfHil&ilTBi^U^. 
*5^T, Nb^O. 2~3. 5iST-%«®HT-g-Wl+b 

fes^iicit), ®«nfcft ant, flk^caftx^^^- 

©&« (ttttffitt&tt) 3S«Hti«. ®&»ftWfttt£# 

6©»**«HB#K:»Sn<& Z. t £ .aitil,;fcfc©T» 0 . 

[0 0 4 7] fti5, Nb^*0»*LV»«ffltt, i!fi3$ 
LAct-St'O. 2~3. 5M^%TS'5^ £©|5B© so 
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■ ±IB«[tt. 3. .0RfXT*5©a«J:0»*U<. 2.. 

[0 0 4 8] Sfc. «St»tt*S6KfiI±aii-*#©B 

1, Cu, Si, Ga. Ti. V. Ta, Zr, Mo, 
Hf, Ag, Zn, P. Ge, Cr, W£9ft3i¥ (KK 

-fz.<Dm* tqj ts-t) *»&MR-sn5d>fc< tt>i 

£L<, 0. 1~1. 5H-f XT**©3i««fcD»*lx 
<. 0. 2~1. OJS^^TJ&SO^S^tff^bVi. 

[0049] QtcjR"r47cJ)i©**"tt. -t©assK*i; 

&B#©S&*S5Hf"r *. «*tf. Al, Cu, Si, 

Ga, V, Ta, Zr, Crli, S:fett£ft±£-a--53!l 

[0 0 5 0] Sfc. V7H 

ttftin- F«ttffit*^*tt£ffi**£tt-3T^a. 

[0 0 5 1] £©tK£ffilt (t;3>#y>; hffift) 
». V7hffittffll0iA-Hltt<§l it*«, 

^ (MK.(fl~10 0nm) T#«EbTl»*. *LT, 
V7 H8&4B 1 0 tA- KSttffi 1 1 U B 

stw&safefflsftuas^&a. ft*, Ei~0 3tc^-r 

ft<, ^JA«0 2fCS-r^^ — >C45^T, V7hfi8t$ 
ffil OtA-HIttfil 1 t*»j!»K:ft-3T^<b%>©Tft) 
J: 

[0052] v-7 hfiSttffioBfbtt. ^fis«j|L©^fflk: 

©fc-5 r^tfsftiiu tft«. b^U V7h«ttffi© 
tM X*«»l 0 nmRTtt»'hS^«^ttt. V7h 
«tt#©affc**«H©/N— F«ttfl:©«fl: £©!££&: ± 

[0 0 5 3] £©<fc3ft«£-fi£$ (t;3>#y7M 
Itt) ^IC £tTK^f**«l) ~5) 

[0 0 5 4] 1) B-H0 (J-HH) *a"P. 

2) it«l!Wfi^««T3»«-e#<5. 

3 ) «fi»«©iastt?¥tt35*A- \ t m.^mmm<D^\z 

4) ««#tt©«Rf*ft*«/h*n. 

5) awfrUTfcffiswtta^bi/ft^. 

[0 0 5 5] WJSLfc^*aj«fC*V»T, A-K«ttffl 
«±tfy7Mttffif4. ^JA«*©J;-5ftfe©i:ft?). 
[0 0 5 6] /N-h'iS8ttffi : R2TM 14 B3S (tztcV, 



4$B§2001-196211 (P2001-1 9621 1 A) 



9 

TMI1, FeSMFeiCo) . *fcttR2 (TM, 
Nb) i4B^ (&-5^te, R2 (TM, Q) i 4 B?6, R2 
(TM, Nb, Q) 14B?R) 

V7h«ttffl:TM (ttfca-Fe, a- (Fe, C 
o) ) , SfcttTMtNbtO^ffi, TMtBiKDfb 
£«ffl. TMiBtNbtfflft^fcffi (%&t>t2. £tt 

&©Q 

[0 0 5 7] [a5©*©$Si§] *^MOl5©*(t 

3&*»SL<..»t. ^©*I*ft». @{bUT#^n 
fcft»»# (U#» £©#LT§Sjg£nfcfc©T&5 

[0 0 5 8] 04H *P-;P*ffllifc3&?&j5fefcJ:D« 

s-rftSH, 0 511 H'4ic*-rs«K*^*»»©?& 

4. 

[0 0 5 9] B4fcjjVr«k3fc, &&J*ttKii&Bl 

[0 0 6 0] «#:2©>>X;W3ifi#©*Blfctt. 
m$L*miytZ>Z.t\z£.K>. «#2rtSJnf» (W*JU 
[0 0 6 1] J&33JP— ;l/5 tt, S35 5 1 t. ?&33lP— ;i/ 

5 ©j^b 5 3 5 2 txmf&znx^ 

5. 

[0 0 6 2] Sg&5 1 ©«##»«. SBB 5 2tHU 
»ftT-flM*Jfc«*tt"0>Tt>«fc<, Sfc. SM5 2t 

[0063] aass 1 ©«t/$*mt3. wtisjssftfcn 

[0 0 6 4] Sfc, gffi«5 2tt. JKt&iJMWSffi 5 1 
©a*#*UH. gffi«5 2©*fl£«iUTtt. Crlffl 

- ns. 

[0 0 6 5] t75 7^XtLTH A 1 

2O3, Si0 2 . Ti0 2 > Ti 2 0 3 . Zr0 2< Y 
203, ?9>WV)V2*, ^>SZhn>f)Af© 
Wtll«t7S»;*7, A1N, Si3N 4 , TiN. B 
N«oaft«3R-fe5 5y^^, SiC, 
ZrC, AI4C3. CaCj, WC^©0Hfc$)&©-fe7 
*3W4, 3in^©-5-fe©>2^±S:ffijt(cm 



(6) 

[0 0 6 6] E©£:5fci&?MI#JlifiS«ltt, 

ttffi-pf^ftr*. «C. 3R?&»flf8 0»<fc*B&Jl:-r5fc 

X, S*#;*«©*gtt;tfXT*a©J&*#*LV>. 
[0 0 6 7] ,%fti$«£!i§g» 1 Ttt. 2 filCi&S 

' " -t-'WSS 6 -«:VX;P'3 '#?.id:{ff*r«'2:. @'5"fcarr«£"'?'" 
10 fc, ^16 11 ?&aiP— ;i/5<Dffl®5 3tC*?^b, 

ji®5 3 tsi^T snotJ^jit} | &ai$nTe@u & 

8 lj5«HiB5 3*»&«n, 0 4*©^EP9 BTfftKitfT 

r. 

[0 0 6 8] »Sln— ;i/5©«3iaEtt, -&^?§^©ffi 
J*, fflB"5 3©»»6fc*#T*»ntt*KJ:D-t©ffrB 

20 ftttH^aft*^. «*i*ttiS]±©fc«>K:, a*'. i~ 

6 Om/8>1?»*©36«»Sb<. 5~4 0m/fi?$5 

8 ©#««* (ijiffiisfflyifcDfcstmsn 

* »»©#«) fc«fcoT«. a»*#8©»S t*»J»< 

n-rn©*^*), ^(Dmzmmm&mTLtctLxhM 
»«ftt©(^±^a«>ft < ft -5c 

[0 0 6 9] ft*5, »5ftfcJ&»»»8K:*JLTtt. 9i 

tt>\z, 'Ptz.< th 1 lEii^sassrJS-r^tfcT^^o £© 

ftfc®g©*#<hLT«> fllfctf. 4 0 0~9 0 0'CT, 
0. 5~3 0 0»ggit5Ct*J-Cf5. ^ 
[0 0 7 0] £©J»8tfitt, HMbSrRFJh-rsfciZ) 

k:. MSSfcSiSffiWffiT (WAtfi x 1 o-l~i x 1 
0-6Torr) . *<5^ttS8*^fX, 7)Uzt>%7.* ^ 
U'J'A^X#©^FS14^7 > 4 , ©«t5ft. **<btt»fflS 

[0 0 7 1] £il±©J;5ft»jfi*ftK:J;0»6nfciU l & 
40 i?# (»©«©^5«!^) 8tt. tt»ISAfilSt. fcb< 

etwfflisft**^^ 7 ^a»«t" Wins £ o ftffi^ 

[0072] »»©*»«, «r»cifi«an-r, 
— ;ws;k ^xyhsjk tr>5JWf©#a 

S&^SS, *»««ftfflv»TfT5c:i*«i?*a. -©if 

SIT (l«Jilil X 1 0 - l~ 1X1 0"6To r r ) . tb 
so S^ttS*^^. 7>»UP*>^X. A>J^7A^7>^©^Fg 
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•So 

[007 3] i5»*w?^sgtt> mzmfe-zniz^ 

ifi* »»1-S##te#>F«5*tlierr *&*©*>©© 

«£\ mi5®*<Dmtm±t. mmz£z>m%<®&£<t 

©Wjttft#*l/T, -0. 5~15 0(!m§I^l 
<, 0. 5~8 0 (imiS^iDiif^K, 1 ~ 5 0 n 

[0 0 7 4 ] -"tf 7F&H©fiE^©3rtfa#ftJ*" 

»e*#sfc»ic. «sf&*©*&g$Mija:. **e«» 

[0 0 7 5] ft:*, '»6tlfc«5»*t»bTtt. 
tf, »»C±0«*A3nfcttr*©fJ»©»S. ens* 

©iIlffl*#tLTa, mZ.lt* 3 5 0~8 5 0t 
X\ 0. 5-3 0 0»8ftt-r*rt3^7?**. 

[0076] $&, nooj»«iatt. *ibsw±"r*fc» 

fc. *ffi*fctt«£Ettl8T (WAtfl x 10-1-1X1 
Utf £#*«©**£«#;* «!>©J:3&. #lMbtt»ffla 
[0 0 7 7] &±©J:5fc«5»*£fflVvr#>Ka5 
(*S^»liO»ntt) -¥-©fc», 

[0 0 7 8] «±-e»4, tftffiilT. f n-;P 
ffi&09fc:SlWL;fctf«. 3RP— ^ffiSfffflbTfeJ:^. * 

• 7D-f>^ (MA) &mz& OSigbTt) 
«kt». £©£ 5 &JSffl® ««« 

{b-r*Jit3ft»-c**©-e, #>F«5©»5#te, mz 

&Mtim£fa±l£^Z><DiZli®T&Z>o 
[0 0 7 9] Da?>F«5*.J:tf-t©»ifi] 

[0 0 8 0] *5EW©#>K«5tt,'fl s SU<tt. 

[0 0 8 1 ] ft£ttf|g (A-f >^-) ilTtt, m*i& 

earn?. mmte&mmoK-rtin*}*^. 
[0082] maim&mmtLTit. mx.\t* #»J75 

F (#1 : -T-i a > 6 , Ho>4 6. t^P>66, :h 
^n>6 1 0, t-fo>6 12, t-fn>i l, t-f n 



(7) 

12 

>12, t^O>6-12, t-fn>6-66) , ^pJ 

-f F. #Uifl/>, -^Uyotl/X 

Ulfl/>rl/7^1/-h, ^U^fl/^fl/y^l/- 
h^D^UxT.T^k *'JI-t;K #ijx— tSH'X— 

io *fc«c:n6s^i-r4*a^fr» :7v>f<*, #uv 
[oo83] nn&o-s^-efc, *»tt3W«Ft«nT* 

«5»*£©fii«ttfc , b«nT^*. 

[0 0 8 4] £©J:3fcJfcT»J!IttllMltt, ■*©««, * 

aw*« Bits t & *> £ -3 « * . 

[0 0 8 5] IlftttiliLTU. mX\t. k* 

x*^->®fli, 71/— ;mra. 3.u7»ii. 

wis, tfuxx^ (3pisw#ux7.7 L ;w #u 

[0 0 8 6] ;mS©5*>Tfc, )J»tt!l«»l:«nT* 
x#*->«ll8» y^j-)vmm, #iJ-fSF»JB. ->u 

[0 0 8 7] ft*, «Effl$n**iWfttt»IB (*«<fc) 
[0 0 8 8] i:0!)«t'5ft**WO!|5>H«5tt. W^Ltf 

40 &wizfcvmmi (mimitm, mmmm) tsja^. 

[0 0 8 9] C^T. Btf2 3iffi©^^7jffi©3*.. JfiU 

j«»*,fctf»ujj5fc» wth^) «, ^«s^© 
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(8) 



20 



13 

#t*&v». ua»Lfca*e., ajfit*«J:5 
c. isnaanfcgj&*#sn, ■?■©&:«>. sj?>F*E*as 

£ s -r & n t & t? # & . 

[0 0 9 0 ] 

\t. 7 5~99. 5wt«llT?*5©^l/<, 8 
5~9 7. 5wt%igT$.5O*?j:05?SLK 
[0 0 9 1 ] 4*K, jJ?>F«5**ffiB«S»fc:«tO»jfiS 

nfc %>©©»£■£«, «5t&*©^*r*B:. 9 0~9 

9. 5w t %IgT*5©^fiU<. 9 3~98. 5 
w t %SST<b5©^<t DJffSb^. 

[0 0 9 2] Sfc, #>K«530«i¥aiJ*JgSfctt»Ui* 
#K£0 ftfc 15»*©tWi 
te. 7 5-9 8w t %ggTS5ffl»Jb<- 8 5~ 
9 7w t %g$T^§©)5SJ;WibV>. 

[0093] #>H«5ofKpB, ^ni:tsni)i 

5©*©it», 8$5«&*©^W». £?Uts*©SHK.J: 
9&££n-5„ *SS9i©#>F«5fc:isv»T, -^©&g 
pBliftCEB^ftfc^a*, 5. 3~6. 6Mg/m3g 
|T*«»#!fSU, 5. 5~6. 4Mg/m3gS 

[0 0 9 4] *fSWTtt, «5»*®«3K«fl[, 

2. 2^ (BH) max /p2 [X 1 0"9 J 

* (i) fcttfro, & (in €»s-r 5K 

b<, & (III) fe»S-r-5®30««fcO»*b^. 3K' 

2. 3^ (BH) max/f 2 t x 1 0 _9j 
2. 4?S (BH) max/? 2 t x 1 0_9j 
(BH) max/P 2 [x 1 0"9J -m3/ g 2] ofigfttfltnE 

*ft©Wft, KaxMt. «&8HIB©*<i>K:«fcSJ*#tt 
©ftTi^SRHHSflK. Sfc. -^©®^!ffttS:»-5* 



14 

*X*JU^-« (BH) max ) j&s»Sft*. 
[0 0 9 5] *5fiMOJl?>H«5©»«. 

fttRtt*©*^****©*)©**^!^*?)* ^©*£ 
*S!©fc©a>6jS/hl!©t>©*T&£>«$>5:*:€rS 

©fc©#BitET&.g>. /hsft. ia^a!{bsnfc« 



[0096] ictaaita^. *»Bj©^>h*m5 

[0 0 9 7] C©±5&*>H«5tt. JETRCk^-S^ 
fr*«JE-r4©*«Sf*l/^. 
[0 0 9 8] [1] *>H«5ffl§l^ (tfiTOlt 
H c j«, 3 2 0-7 2 0 kA/mtJ5. 4# 
II, 4 0 0~6 4 0 kA/m»bK «fi8*^ffll?H 
TEtt*lT1j;, *©fl!3fcK:«koTtt»««j&»j&»tf* 
-3fc£#©«»J0«SB*fc&D, Kflfc^ttSSfR 

[0 0 9 9] [2] #>FS5H «j*-r***«kx 
*;p^r-« (BH) max [kJ/m3] iggp [Mg/ 

m 3] tcwp, tibs (i) ^iis-rs. 



30 



[0100] 

•m3/g2] 
[0101] 

•m3/g2] 
•m3/g2] 



£3. 

=S3. 



(I) 



2 
1 



(II) 
(III) 



SB r 
(IV) 
[0 1 

0. 125^Br/p [XI 0"«T-m3/g] 



[0 10 2] [3] 3p>F»5tt. SfflT©3SB«3fc«& 

[T] tfgp [Mg/m3] £©ffl"Tr, Tf3iS 



0 3 ] 



(IV) 



b< 



■fr [0 10 4] 



£0. 16 



5£ (IV) KftfeO. 5$ (V) «©**#* 
SC (VI) S«S-r-&©30««tD»SUV». -sir 

0. 128^Br/p [x 1 0-6T-m3/g] 
0. 13^Br/p [X 1 0-6T-m3/g] ^0. 155 • 
Br/p [x 1 0~6T-m3/g] ©fl[30«mEiC*©Tlfi *SBft*«»6na^. 



. . ( V ) 
• • (VI) 
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[0105] [4] #>F«Stt. **«ax*;i^- 

m (BH) m ax#* 6 0 k J/m3£i±T?*50^jffSU 
<, 6 5 k J/m3.£LhT&5©#J:DfiF£L<. 7 0 
~1 3 0 k J/m3Tfe-5©^^&^ff*UV^ 
^x^l^-fl (BH) n, ax ^6 0 k J/m3*^T*-5 

[0-1 0 6] '[5r*>F^5«; ^TiJiSMHMS (8JJW" 

Mm*) 6. 2%KTTi&5(0i)Wit<. io 

5%mTT*£©#<fc0fcF£b<. 4%.£TFT;fc5©a* 

[0 10 7] 

SIT. *»MOA#«lltEl6«IK:-3^TBltB"r 

*. 

[0 10 8] (HSS0U) ETFfciE'**.!: 3 
&fij*a* (Nd 0 . 7? ro. 25Dyo.05) 8. 7FebalCo 
7. 0B 5 . 6 Nb ff T*$n^m51»* (Nb^lwSa 

[0 10 9] £f\ Nd. Pr, Dy, Fe. Co, 
U £©-f >rfy h 30^*91 5 g©it>7 p ;u : &^t)aib 

[0 110] B4:fe«ktfH5fcST«J*©a?&i*#Ki6 
7^7.a@0. 5 5 mm) 3 £Rfl-;fc53Stfrtk:*HEli- 

[0111] ftipn— ;W5 tlTH IP3S3©*gB5 1 © 
WCJ;0!45ffa»5tfm©«BJl5 2*89:^ 
fcfc© (a§2 0 0mm) £ffl<^fc= 
[0 112] tt'SPW'1>ziy Mt>:/;i/£ 

(5£*©l*jJE£*H«BE£©:fflE) » »2pn--;P©H 

[0113] »6nfcft»*#sa»«»bfc«, r;u=f 

>^8B^T7 1 0 "C X 3 0 0 

[0114] #cic, eaf«iSE©fc«>k:. n©«5©5tc£ 

»»U ¥^&S5 0 tfm(Ol5»*l:lfc. 
[0 115] ftSftfc£»5»*k:r?lr>T, ■*-©««£ 
*»WT*fc», Cu-Ka^ffl^|Hl^2 0 o <-60 

fflT*^R2 (Fe • Co) nBffli, V7h«ttffl 
TJ&5a- (Fe, Co) SffiOElSf ^**?MBT 

s. mmmm^mm (temj 



[0116] £ ©«5»*fc, # U 7 5 F WJf <*-r □ 
>12) t, ^S©fcF55>>#KtfbRJk»*.J:^it 
8li*K£U m5,^2 2 5'Cxi5m SttUT 
jH>F«5JB«j£tt (=3>A-^7>K) SflsfiLfc. ^© 
t*. 85»*£jPU75 F»J1 (t-fP>12) £© 
E^-tfc* (fiSJt) H. *#>F«5lCOVvrH:B3f U 
tittl/fc. Tfcfr-&, S^FaS*©**?®*©^ 
tr(ttf)" e." »9 7 w f 5ST»5"5t. 

[0 117] IO:>/W>H»lT6tt 

U lOt:, SA8 0 0MP aTffiB&fifc^ (JifiS 

m$>) UT\ tilOmmXj|S7mm0P]ftttO^ 
tt#> F«5£»fc. 
[0 118] £ft&©#>F«5fc'3Vvt, E&if!$g 

3. 2MA/m0/^^fi*isifca. um&mmjz 

Wr (M&Jim (80 8. TRF-5BH) ICT**!?* 
^*2. 0MA/mT^«#tt (ISftBr, &mt> 
H c j:feJ;tf**aMEX*;l^F-a! (BH) max ) 
Lfc. S0^B#©J&Stt, 23t T?*ofc. 
[0 119] *fcW*tt©7-^h*fr"3fc. ^©W^tt 
tt, #>F«E*1 0 Otx H^|B©»«TK««H/fc 

jo*/hst»H£. w#&tt (SRftStt) cans. 

[0 1 2 0] ftj|?>F«5fc:oV>T. NbMiw, % 
« (BH) max , *«tl^?Iji»««*©«l*3Sl 

fc. 

[0121] 
[«13 
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[0122] gii^w&MJ:5c. -y->:/;uNo. 

2~No. 6 (*5BW) ©#>H«Ett, V>1"*1%>, ffi 

W (BH) Eax *3cfc^ffi^*H c j) 

*i5J2»*Bspj&*/hS < , *fctt*3£tt (ttMtt) Kfeffitl 

[0 12 3] untCfcfU •tJ">yjl'No. 1. No. 7 



[0 12 4] (HiS^2) *««ltR«fcLT, 

(Ndo. 75P r o. 2 D V0. 05) 8. 9 F e balC °6.'9 
B5.5Nbi. 5T*3n<5«5t&*S#ifc. 
[0 12 5].»5ftfc«5©*fc, #'J75 KttJt (± 

»»ii*ii^u ens* 2 0 o~2 3 otx 1 5# 

•■^■-awiCfKa^ T 7 »<D=r;>7S *r> F £W 

[0 12 6] £-5 LT?#?.nfc=i>^ r >> h*©-5^^5 

[0 12 7] fcfc, #>h*^5©^i£W:> ^mfeittS 
1 OmmXiSS 7 ram©nS«t Lfc. 

[0 12 8] ffiRj&gt*, tttft^yUX^lC^lrt 
K35«U igg2 10~2 2 0t, JE^J8 OOMPaT 

>'J>^— l^lfiSSr2 3 0~2 8 0 *C £ LT&LB&'tfr) 

[0 12 9] ^C0.t-5^bT#^tlitS-#>FJS5trt3 

[0 13 0] «-jJ?>F«Efc:3VsT, SttS& figj#* 

a. jwas, mmp, aatMBr. ««*h cJ , » 

^six^;^-a (bh) max < *±t^Fna»«a* 

[0131] 
[*2] 



50 
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[0 13 2] *2*»6W6*»*J:5K:, *5SWOj|?>H 
(SS«SBr, *k*«ftX*;W^-« (BH) 

[0 13 3] *^^©#>HS5H »mjsJ6»K 

[oi3 4] (s^s, ■rftt> , 6ii^»ffiO'&***«*^ so 



a. JB^BITiga-roiitjftfBIIEtteD. fi*«r»c*»t 

t>i6]±-ro. 

[0 13 5] Sfc. n>^->>K©«E»tt*«*V»t, # 

f.n?>^>H : a5©S7L^<&iS;<TSIt^t 1 ^. «fco 

t, ^»3as©i^±tt : &^fiSft ! i*tt ! fc^±i"^o 
[oi36] (^ig^j 3 ) nmm i -eft «=> nfc*«s» 

12 0mmXJa^4mm©ni«* (U>^' ; K) ©#^tt 
#>KlEft»IU F^ES: 8 

#«©iBki»a3-fjut«rr««Ett»ii 6 

[0137] i©tsr, #^^9 o %&mf$.Tz> 

[0 13 8] £©«fc3fcLT#«anfc##>l<85* 
n-37^Et LTffl^T, CD-ROMfflXt^KW 

[0 13 9] §CD-ROMJlXH> F;!/^— ^H*^ 
T, n — 1 0 0 0 r pmTIHK$-&fct^©#^n 
-f ;Hc«4UfciJije*BE*Si£bfc. ■€■©«*. u->^" 
Mo. 1, No. 7 (lr»Tnt>Jt««) ©#>K«5 
^rffltifc^E-^tt. mmrfO. 8 0 V^TTafe-nit©lC 
Mb, f>^No. 2 -No. 6 (*SgBJ) ©#>F 
KESfflUfct-i'.B. VifnfeO. 9 6ViJl±t2 0 

[0 14 0] -^©i^*. *»«©#> 

[0 14 1] #>F«5*#ffifft#KJ:?>«itLfc (# 
>h'B5«fOl5»*OW* : 9 2-9SwtX) K 
^tt, ±ESfe««l~3ira*K:l/T*»W©*>l 4 « 

BtH«©fe*a«S6nfc. 

[0 14 2] 3|*>F«5«l*fflfifc#fc«fc0 9!iSL& (# 
> H«S«f©«5»*©^** : 90~93wt%) R 
±EHK«|1~3 tra«JcbT*5EW©#>H« 

Etra«©iB**«»6nfc. 

[0 14 3] 

[0 14 4] •15i*A 5 Nb^SitWL, 

v 7 hattffitA- FBttffl£«wr*«£ia»£*rr 
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[0145] • *pjj£««i|s©»*#ttj&*/h£ < . gftfc 
[oi46] • *v»aBanBK3&«»6n*oT, ^F*ttT 

5©t; -j: o asttno^E— ^ Sf»% dt^wrfig £ 

[oi4 7] • sfc, BiiHatafswwenscia:** 

[0148] • «t OfiV)fBB« 

[0149] • M9fSfl;£K#Sftfcv>;:£36»S, Et8 

[01] 



10 




(12) 

[Ei] *«woD«5»*t*»t5«^aji (t;^> 
[02] *5fi"»o«5»*K:*i't*a^»» (t;a> 

[0 3] **H0D«5»*K:*W-<5*£-a«l 

[04] m&ttn&mm-?z>mw <a»*»«jS8«) 



1 atmmwa&M. 

2 ffift 

3 ) X)\> 

4 a< Jl/ 

5 &nu-)v 

5 i d— ;usw 

5 2 *HJf 

5 3 J^B 

20 6 *g£§ 

7 k;u 

7 1 mm^-rn 

8 

8 i p— )vm 

9 A fcW 

9 B 

10 V7h«tt« 

1 1 A- h*ai±*B 



[0 2] 



io 
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[03] 
io 



[04] 






[0 5] 



F*-A(##) 4K017 AA04 BA06 BB12 CA07 DA02 
EA03 ED01 EK01 
4K018 BA18 BB04 BB06 BC01 BD01 
KA46 

5E040 AA04 AA19 BB03 CA01 HB05 
HB11 HB17 NN01 NN06 NN12 
NN13 NN14 NN15 



